Introduction {#S0001}
============

Enthesitis, an inflammation of the attachments of tendons, ligaments, fasciae or capsule, is considered to be the key sign of one of the most common groups of rheumatic diseases -- spondyloarthritis (SpA). Clinical diagnosis of enthesitis is based on rather non-specific clinical signs and symptoms, i.e. medical history and physical examination^([@CIT0001],\ [@CIT0002])^. More and more often, in order to confirm the initial diagnosis, rheumatologists refer patients to an ultrasound examination (or perform it themselves) in which the diagnosis of enthesitis is established on the basis of features that are frequently observed in other enthesopathies as well. This is rather questionable since a number of studies on histopathology, anatomopathology and immunology do not confirm the existence of enthesitis -- or this area is not yet sufficiently explored^([@CIT0003])^.

Enthesopathic lesions in imaging {#S0002}
================================

The imaging features of enthesopathic lesions (also interpreted as enthesitis) are: delaminated tears, presence of vessels, scars after damage to the fibrous part of an enthesis and its adjacent tendon zone, as well as erosions and cysts of its fibrocartilaginous and bony parts^([@CIT0004])^. Due to the presence of delamination and disordered structure of the collagen fibers, enthesopathically altered entheses are thickened, contain vessels (that take part in the inflammatory-repair and subsequently repair processes), and granulation tissue^([@CIT0005])^.

In such cases, histopathological examinations show collagen fiber damage, scars, degenerative changes (including hypocellular areas, hyalinization, lipid infiltration) as well as ruptures and features of repair processes^([@CIT0004],\ [@CIT0006])^ ([Fig. 1](#F0001){ref-type="fig"}). Rufai *et al*.^([@CIT0007])^ demonstrated the presence of degenerative changes at all three localizations of the fibrocartilage in histopathological examinations of enthesopathically altered Achilles tendon entheses in elderly patients. They observed enthesophytes (in US examination in our practice they are called mineralized scars following past damage) and delamination of the sesamoid, periosteal and ligament FC.

![**A**. Fibrous inflammatory granulation tissue in the tendon encompasses the fibrous connective tissue: fibrosis, scarce fibroblasts and slight blood vessels; **B**. degenerative changes within the tendon at the attachment site with a focal necrosis (lower right corner). H&E stain, 200x](JoU-2015-0017-g001){#F0001}

In the initial phase of enthesopathies, radiographs shows osteoporosis of the entheseal bony component and thickening of the soft tissues. In advanced stadia, we observe subchondral sclerosis, enthesophytes and erosions ([Fig. 2](#F0002){ref-type="fig"}).

![X-ray: **A**. mineralized scar (enthesophyte, so-called lower spur) on the lower surface of the calcaneal tuberosity at the flexor digitorum brevis enthesis, erosions on the medial malleoli with concomitant ossification reactions; **B**. erosion in the bony part of the Achilles tendon enthesis on the left side; **C**. mineralized scars in the patellar entheses of the quadriceps femoris tendon and patellar ligament](JoU-2015-0017-g002){#F0002}

In MRI, the fibrous part of entheses is poorly visible due to low water content. More evident are changes in the tissues adjacent to an enthesis (e.g. those localized in the bursae or adipose tissue). MRI is the only imaging modality that enables identification of bone marrow edema (BME) in the subchondral tissue^([@CIT0008])^ ([Fig. 3](#F0003){ref-type="fig"}).

![MRI of the foot: bone marrow edema at the bony part of the plantar aponeurosis enthesis, the enthesis is thickened and its adjacent soft tissues are swollen](JoU-2015-0017-g003){#F0003}

Enthesopathies in US {#S20003}
--------------------

US is the modality of choice in assessing entheses^([@CIT0009]--[@CIT0012])^. The US features that are considered signs of enthesitis in the literature are: reduced echogenicity of an enthesis (due to disordered fibrillar structure), enthesis thickening (due to damage to the collagen fibers), presence of structural lesions, i.e. multidirectional injuries, and scars following such injuries (ranging from those similar in their structure to a tendon or ligament, to hyalinizing, mineralized or ossified ones, i.e. enthesophytes) as well as erosions in the bony component of an enthesis and increased vascularity seen in a Doppler examination^([@CIT0009],\ [@CIT0011],\ [@CIT0012])^ ([Fig. 4](#F0004){ref-type="fig"}).

![Enthesopathic lesions in US: **A**. thickened, hypoechoic enthesis of the plantar fascia with a minor geode in the bony part; **B**. hypoechoic Achilles tendon enthesis with mineralized scars (enthesophytes) in the fibrous and fibrocartilaginous parts and with scars following delamination damage; **C**. thickened and hypoechoic tibial enthesis of the iliotibial band due to intratendinous damage with inflammatory-repair process vessels; uneven bony part; **D**. thickened and hypoechoic humeral enthesis of the common extensor tendon due to intratendinous damage with inflammatory-repair process vessels](JoU-2015-0017-g004){#F0004}

The presence of vessels in entheses is considered a sign specific for SpA that confirms enthesitis^([@CIT0010],\ [@CIT0013]--[@CIT0016])^. D\'Agostino et al.^([@CIT0016])^ examined 164 patients with SpA and 64 in a control group: 34 with mechanical back pain (MBP) and 30 with rheumatoid arthritis (RA). Vascularized entheses were identified only in SpA patients (81%). Unfortunately, the authors did not specify which entheses were vascularized, i.a. whether vessels were present in the plantar fascia and Achilles tendon entheses, which has not been observed in our practice^([@CIT0017])^. Nevertheless, they noted signs of bursitis of the Achilles tendon and considered them non-specific for SpA. They did not observe vascularity of the tendon^([@CIT0016])^, which we did observe in our own studies concerning the Achilles tendon -- secondary to bursitis or inflammation of the Kager\'s fat pad as well as damage to the enthesis and its adjacent tendon zone. In fact, these are the only cases of abnormal vascularity noted in our study in patients with clinically diagnosed calcaneal tuberosity enthesitis^([@CIT0017])^.

Based on the aforementioned US features in entheses (regarding as enthesitis), the sensitivity and specificity of the US in diagnosing enthesitis were as follows^([@CIT0015])^: Lehtinen -- 37.5% and 92.7%, Balint *et al*. -- 22.5% and 79.7% and D\'Agostino -- 41% and 65% respectively. The value of the above mentioned criteria has been analyzed by various researchers^([@CIT0018])^, but the results cannot be compared due to lack of standarised methods. For the majority of authors, the sole presence of enthesophytes (mineralized or ossified scars; bony spurs) is the diagnostic sign of enthesitis. There are few studies which indicate the need for the presence of enthesis' vascularity as an absolute proof of inflammation. Despite numerous inconsistencies, the outcomes of the studies led to establishing several semi-quantitative (scoring) systems for enthesitis that include, among others, the result of power Doppler US examination (PDUS). Currently, these systems are being validated, although they include the elements of the image of enthesopathically altered entheses that occur in enthesis micro- and partial damage with the same frequency.

Rheumatology publications lacking the term "enthesitis" are extremely rare. They are represented by the study of Spadaro *et al*.^([@CIT0009])^ based on large material. The authors examined 432 different entheses, both clinically symptomatic and asymptomatic, in patients with AS (ankylosing spondylitis). The most common findings were enthesophytes (mineralized scars) and calcifications as well as thickened entheses. Erosions were detected in 9.7% of the subjects and hyperemia of entheses -- merely in 6%. As for the Achilles tendon enthesis, the most common abnormalities were enthesophytes (31.9%), thickened enthesis (27.7%), its vascularity (8.3%) and tendon\'s bursitis (13.9%). In the plantar fascia enthesis, the most common signs were its thickening (13.9%) and calcifications (the authors distinguish enthesophytes from calcifications -- the former being probable ossifications, the latter -- mineralized scars localized in a certain distance from the attachment) as well as reduced echogenicity (9.7%)^([@CIT0017])^. In the majority of patients with suspected enthesitis, no abnormalities were detected: 63.1% of the Achilles tendon entheses and 60% of the plantar fascia entheses were found normal. Of the remaining entheses altered in a B-mode examination, enhanced vascularity was found in only one calcaneal enthesis of the Achilles tendon (5.3%). Such vascularity was not observed in any case of the plantar aponeurosis.

Saibani *et al*., Sebes *et al*. and Genc *et al*. draw even more direct conclusions^([@CIT0019])^. They demonstrated that enthesopathic lesions in the lower extremities, such as thickened entheses and erosions, especially enthesophytes, do not enable differentiation between RA and AS and are as often found in healthy individuals. The number of such lesions increases with age as a result of chronic damage and improper remodeling leading to enthesis degeneration.

Similar conclusions were drawn by researchers who analyzed enthesis vascularity which is considered a specific sign of enthesitis in rheumatic diseases^([@CIT0010])^. PDUS and MRI, conducted in 2011 by Feydy *et al*.^([@CIT0020])^, demonstrated that enthesopathic lesions of the Achilles tendon and plantar aponeurosis were not specific for SpA and as often occurred in the the control group, i.e. those with mechanical back pain. This had been previously published by other authors^([@CIT0020])^. Vessels of the repair process that appear in the course of damage healing process are identical to those in rheumatic diseases. Feydy *et al*.^([@CIT0020])^ demonstrated hypervascularity of the Achilles tendon enthesis in merely 5% of patients with SpA and in 6% of controls. As Spadaro *et al*.^([@CIT0009])^, they did not find vessels in the plantar fascia enthesis. Vessels in the Achilles tendon enthesis were observed in patients with erosions in the entheseal bony part.

Enthesopathies in MRI {#S20004}
---------------------

The MRI features of enthesitis are bone marrow edema (BME) of the entheseal bony part as well as edema of entheseal soft tissues and adjacent tissues ([Fig. 5](#F0005){ref-type="fig"}). Authors of several studies correlated the MR image with histopathological and immunological examinations of the sacroiliac and spinal joints in the course of axial SpA. At the sites of edema, infiltrates of macrophages as well as B and T lymphocytes were observed^([@CIT0021]--[@CIT0023])^.

![Bone marrow edema in the bony part of the plantar fascia enthesis and edema of the adjacent soft tissues. Bone marrow edema in the bony part of the Achilles tendon enthesis, increased signal of the soft tissues of the Achilles tendon bursa (bursitis); at the bursal level, the tendon shows intratendinous damage](JoU-2015-0017-g005){#F0005}

As for peripheral SpA, older publications indicated that BME was the factor that differentiated spondyloarthritis from other pathologies. McGonagle *et al*.^([@CIT0025])^, in their knee joint MRI examinations conducted in 10 patients with SpA and in 10 patients with RA, detected BME in all patients with SpA and in none of the patients with RA. The authors assessed attachments of ligaments and tendons of the knee extensor complex, collateral and cruciate ligaments, joint capsule as well as semitendinosus, semimembranosus and biceps femoris tendons and iliotibial band. In all RA patients, edema of the soft tissues surrounding the enthesis was found, which was the case in less than a half of SpA patients.

Subsequent studies did not confirm that BME is a specific element of enthesitis^([@CIT0024],\ [@CIT0026])^. This sign is observed in the course of posttraumatic, degenerative, neoplastic as well as inflammatory changes, not only associated with SpA^([@CIT0008])^. Eshed *et al*.^([@CIT0024])^ observed BME both in patients with SpA and with RA, however in SpA patients edema was more extensive. A correlation between the changes and the presence of HLAB27 antigen was noticed. Benjamin *et al*.^([@CIT0026])^ report that BME occurs in approximately 50% of cases of enthesitis.

Bursitis rather than enthesitis? {#S0005}
================================

Enthesitis-like lesions in the course of rheumatic diseases are usually found in the calcaneal tuberosity. Based on the clinical examination, it is difficult to determine the origin of pain in the plantar side (i.a. attachment of the plantar aponeurosis, tendon of the flexor digitorum brevis, plantar fat pad rupture or medial plantar nerve irritation) or its posterosuperior aspect. In the latter case, a frequent cause of clinically painful enthesis of the Achilles tendon is the tendon\'s bursitis, which occurs in patients with RA, SpA, crystalopathies and those with overload changes in the joint and tendon^([@CIT0027])^. In such situations, we observe effusion in the bursa as well as thickening and increased vascularity of the synovium^([@CIT0027])^. Additionally, in the context of Achilles tendon bursitis, one may detect erosions in the osseous wall of the bursa and inflammatory vessels infiltrating the tendon zone adjacent to the enthesis ([Fig. 6](#F0006){ref-type="fig"}). Equal changes may be found in the other entheses and tendons adjacent to bursae ([Fig. 7](#F0007){ref-type="fig"}).

![Bursitis of the left Achilles tendon: **A**. B-mode examination: on the left: effusion, thickened bursal synovium and erosions in the bony wall of the bursa (bursitis), intratendinous damage to the Achilles tendon; on the right: normal image; **B**. the same case in color Doppler examination: inflammatory-repair vessels permeate within the tendon; enhanced vascularity of the Kager\'s adipose tissue indicates an inflammatory reaction](JoU-2015-0017-g006){#F0006}

![US (**A**) and MRI (**B**) of the knee joint: **A**. effusion and thickened synovium of the deep infrapatellar bursa with erosions in the bony wall of the bursa and in the bony part of the tendon enthesis; **B**. MRI additionally shows bone marrow edema in the bony part of the enthesis](JoU-2015-0017-g007){#F0007}

According to the theories on the etiopathogenesis of SpA^([@CIT0001])^, US and MRI examinations confirmed that the inflammatory process may begin beyond entheses, i.e. in the synovium of the neighboring bursa (bursitis) where it is triggered (according to the mechanical theory) by enthesis microdamage ([fig. 8](#F0008){ref-type="fig"}), in the synovium of the tendon sheath (tenosynovitis, tendovaginitis) or in the peritendineum (according to the functional enthesis theory) as a response to a strain, e.g. pressing the tibialis posterior muscle on the medial malleolus^([@CIT0001],\ [@CIT0025])^ ([Fig. 9](#F0009){ref-type="fig"}). In MRI, Olivieri *et al*.^([@CIT0028])^ observed features of achillobursitis calcanei (inflammation of the bursa and Achilles tendon) in 74% of patients with SpA.

![PDUS: **A**. on the left -- active inflammatory changes in the bursa of the Achilles tendon with erosions, including the active ones in the bony wall of the bursa; mineralized scar in the Achilles tendon enthesis; **B**. on the right -- minor effusion in the bursa and rounded apex of the bursal fat fold](JoU-2015-0017-g008){#F0008}

![**A, B**. Color Doppler US (CDUS) in a patient with RA: inflammation of the tendon and sheath of the tibialis posterior tendon with erosions of the medial malleolus](JoU-2015-0017-g009){#F0009}

Taking into account the range of tissues involved in the course of SpA, Benjamin and McGonagle proposed that the definition of an enthesis should be extended to a synovio- entheseal complex (SEC)^([@CIT0029])^. The concept of SEC assumes that entheses, adjacent synovial membrane and adipose tissue form a functional unit. The authors claim that this concept may concern approximately 82% of entheses since they are all adjacent to synovia and fat pads^([@CIT0030])^. Inflammation is probably triggered by enthesis microdamage: by activating the immune system, it initiates an inflammatory reaction in the synovium of the bursal walls or in the overlaying adipose tissue^([@CIT0009],\ [@CIT0030])^. The SEC theory seems to match with the biomechanical enthesis theory^([@CIT0001])^ and concerns numerous entheses that are subject to considerable mechanical stress, which is indicated by the presence of fibrocartilage. The SEC concept may also explain inflammation of numerous joints involved in SpA, such as sacroiliac, sternocostal, sternoclavicular, acromioclavicular and temporomandibular, covered with fibrocartilage and being subject to considerable mechanical shear stress.

Benjamin M *et al*.^([@CIT0030])^ performed histopathological examinations of 49 entheses of 60 cadavers. The clinical data were unavailable. The authors detected features of degeneration in 76% of cases. Synovial inflammatory changes of SECs were noted in 85% of cases (including 57% of Achilles tendon entheses). Enthesitis of the Achilles tendon was found in 73% of cases with prevalent lymphocyte and macrophage infiltration and vessels within a dense fibrous part of entheses, in the endotendon and endoligament (i.e. within loose connective tissue between fiber bundles), sometimes in the sesamoid or periosteal FC as well as in the adipose tissue in the vicinity of entheses (e.g. Hoffa\'s fat pad and in the region of the flexor hallucis longus tendon)^([@CIT0030])^. Vessels penetrated the tendon from the side of the bursal synovium. Moreover, the authors identified the presence of vessels, probably originating from the bone marrow, in entheses that do not fulfill the criteria of SEC (i.e. are not adjacent to bursae)^([@CIT0001],\ [@CIT0030])^. They also demonstrated the presence of inflammatory cells (macrophages) in normal entheses. In the case of damage, they probably can adopt an alternative phenotype -- anti-inflammatory one, and participate in tissue repair processes^([@CIT0030])^.

Benjamin and McGonagle are not the only authors who emphasize endocrine and paracrine relevance of adipose tissue associated among others with entheses. This is relevant since adipocytes secrete growth factors and proinflammatory cytokines to the joint cavity^([@CIT0031],\ [@CIT0032])^. Due to rich vascularity and innervation, adipose tissue is susceptible to inflammation, which might develop secondary to enthesis damage. This is manifested by pain^([@CIT0014],\ [@CIT0033])^ which in turn leads rheumatologist to diagnose enthesitis. In the case of the Achilles tendon, nociceptors may be stimulated by effusion in the bursa that compresses against the Kager\'s fat fold. Inflamed adipose tissue has increased signal in T2-weighted or FLASH sequences in MRI. In US, such tissues are characterized by increased echogenicity and sometimes can be observed dilated vessels resulting from the inflammatory process ([Fig. 10](#F0010){ref-type="fig"}).

![PDUS (**A**), CDUS (**B**), MRI (**C**). **A**. edema and hyperemia of the Kager\'s adipose tissue whose inflammatory-repair vessels take part in the repair process of the damaged Achilles tendon; **B**. edema and hyperemia of the Hoffa\'s fat pad; **C**. edema of the Hoffa\'s fat pad. No edema in the patellar entheses](JoU-2015-0017-g010){#F0010}

Some authors accept the SEC theory, others do not. The latter refer to the definition of an enthesis which evidently separates enthesopathic lesions from tendinopathy, bursitis or inflammation of both intra-articular and peri-articular adipose tissues^([@CIT0008])^.

Conclusion {#S0006}
==========

Gandjbakhch *et al*.^([@CIT0034])^ analyzed the literature concerning enthesitis from the period of 1985--2010 available in the PubMed and Embase. The most common criteria of enthesitis in the US examinations were: thickened entheses, its hypoechogenicity, presence of enthesophytes, irregularity of bony part of the entheses and erosions as well as bursitis adjacent to tendons. None of these criteria is specific for inflammation and they may originate from chronic damage and degeneration of entheses, and what is more bursitis is a different pathology. In 2003, increased vascularity of entheses started to be considered as a specific sign of enthesitis, which was confirmed by other authors^([@CIT0034])^. At the same time, inflammatory vessels were also detected in bursae and tendons. It was proved that the presence of vessels in entheses differentiated enthesitis from enthesis degeneration or mechanical damage and that it was specific to SpA, but numerous authors questioned the specificity of this criterion^([@CIT0010])^.

Based on the aforementioned features of the US image, clinical indices and scoring systems have been created and used mainly to monitor the efficacy of treatment: *Madrid Sonographic Enthesis Index* -- MASEI, *Glasgow Ultrasound Enthesitis Scoring System* -- GUESS and others^([@CIT0001])^. It seems, however, that they should be wisely used since they are based on criteria that are non-specific to enthesitis.

There is a possibility that enthesitis is a sign of peripheral SpA, which is demonstrated by the theories on the etiopathogenesis of enthesitis presented in the first part of the article, such as genetic or autoimmune ones^([@CIT0001])^. As enthesitis may be the only symptom of early SpA (particularly in HLA-B27 antigen-negative patients), the lack of its unambiguous picture in US and MRI still requires clinicians' attention as well as continuing the search for other signs characteristic of SpA and more specific markers in imaging in order to make a diagnosis as early as possible.

The final diagnosis is significant for the selection of treatment method, which in case of enthesopathy is based on steroids. The presence of posttraumatic or degenerative changes is an indication for treatment with non-steroidal anti-inflammatory drugs. Administration of steroids, which combat repair processes, will bring short-lasting relief, but will also aggravate tissue damage processes, and consequently it will put patients at risk of severe damage to the entheseal region^([@CIT0004])^.
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